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SUMMARY OF INFORMATION ON ATR INLETS

NACA SUBMERGED INLETS
By Fmmet A. Mossman

Ames Aeronautical Iaboratory

Selecting a type of air inlet suitable for a high—epeed airplane
is no longer a question merely of obtaining optimum pressure recovery,
or of structural or arrangement desirability. Air inlets are becoming
a principal factor in determining the fuselage size and shape, which
in turn directly affect the alrplane drag. The increased importance
of fuselage drag in the transonic speed range has been pointed out by
Schamberg in reference 1.

Submerged inlets have been shown to be practicable at high sub—
sonic speeds for certain engine installations. (See references 2, 3,
and 4.) An example of this is the Republic Aviation Corporationts
modification of an F-84 Thunderjet airplane in which the installation
of a radar nose was made possible by substitution of submerged inlets
for the conventional nose inlet. The installation is shown in figure 1.
This change was reportedly accomplished with no loss in airplane per—
formance. However, knowledge of the characteristics of these end other
inlets at transonic speeds is rather meager. This lack of information
has been the result of the limitations of testing facilities 1in this
speed range, and of the higher priority of other research. Investi-—
gations are now under way of the inlet types thought to be most
promising. The data presented in this paper summerize the recent
results of research at transonic speeds on NACA submerged inlets. Three
transonic testing techniques were used: the wind-tunnel transonic bump,
the flight wing-flow method, and a small high—speed wind tunnel.

The NACA divergent—-wall submerged Inlet has been investigated on
& trensonic bump in the Ames 16—foot high—speed tunnel. A schematic
view of the bump mounted in the wind tunnel, with the submerged inlet
ingtalled, 1s shown in figure 2. Angle of attack for side—~inlet
installations was simulated by angular changes of the model in the
plane of the bump surface. The pressure—recovery measurements were
. taken by 30 total-pressure tubes in six rows Just behind the duct 1lip,
and the pressure recoveries shown are the welghted averages of these
measurenments.

Some results of the transonic-—bump investigation are shown in
figure 3 for a duct having a width—depth ratio of 4.0 (W/d = 4). The
crdinate for these curves 1s ram-recovery ratio, which is the ratio of
the ram pressure recovered to the ram pressure avallable. It may be
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seen that there was a gradual but slight decrease in pressure récovery N
in the Mach number range from 0.9 to 1.1 for mass—flow ratios of 0.35,

0.45, and 0.55, where mass—flow ratio is defined as the ratio of the

mass of air flowing into the inlet My to the mass of air flowing

through an equal area in the free stream Myo. The pressure recovery

was increasing again at the highest free-stream Mach number of 1.15.
The effect on the pressure recovery of changes in angle of attack for
angles up to 8° was found to be slight within the range of these tests.
In some cases, increasing the angle of attack was beneficial to the
rressure recovery. These data are believed to indicate the trend that
mey be expected in the transonic speed range with this type of inlet.
However, the ram-recovery ratios obtained with this arrangement, while
useful qualitatively, should not be construed as a precise indication
of the true entrance pressure loss to be expected on a full-scale slr—
plane. The severe flow angularity in the corner regions of the duct
entrance, the low mass-flow ratios, and the thickness of the transonic—
bump boundary leyer make precise measurement difficult. The effect on
the pressure recovery of the boundary leyer into which the inlet was
placed is shown in figure 4. The abscissa is a boundary-layer
parameter h /d representing the ram defect of the boundary layer at

o)
the inlet position |& %f HTAE—— dy, (reference 5)] where
o = Do

E =
OH loss in total pressure in the boundary layer
Hy - p, free—stream ram pressure .
d depth of the duct
o] boundery—layer thickness

Larger boundary-leyer losses are represented by larger velues of h/d.
The pressure loss in the boundary layer, as indicated by h/d, can be
seen to be greater for the transonic bump than was observed in a

previously reported test of a :’%—scale model of a fighter airplane.

The effect of this thicker boundaery layer on the pressure recovery in
the inlet 1s seen to be of large megnitude. For comparable Mach numbers
eand mass—flow ratios the values of ram-recovery ratios are approxi-
mately 0.8k for the trensonic—bump investigation and 0.92 for

the ff‘ scale airplane model installation. Mach number distributions

along the remp center line corresponding to free—stream Mach numbers
of 0.7k, 1.02, and 1.15 are shown in figure 5. A shock formation was
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evidenced at about 60 percent of the ramp length at a Mach number

of 1.02. As the free—stream Mach number was increased, the shock became
stronger and moved downstream slightly. These tests will be extended,
and data for higher mass~flow ratios will be obtained.

Although test data from the transonic bump indicate no adverse
effects on the pressure recovery at transonic speeds, exploratory tests
in flight utilizing the wing-flow technique showed that the operation
of the inlet at transonic speeds is critical to changes in inlet
geometry. In this Investigation the pressure gradient down the ramp
was more unfavorable than in the bump tests because of an increase in
the width to depth ratio of the entrance. Separation due to boundary—
layer shock-wave Interaction d1d occur at transonic speeds for mass—
flow ratios below O.k.

The abllity of the dlvergent-smll inlet to operate with satisfac—
tory pressure recovery at free—stream Mach numbers somewhat greater
than 1.0 has been attributed to the thinness of the boqnda:ry layer along
the inlet ramp. A comparison of the boundary-layer growth on parallel-—
wall and divergent—wall ramps is shown in figure 6 for a mass—flow ratio
of 0.6. Here the momentum thickness down the center line of the ramp is
glven from measurements and from theoretical calculations by use of the
known pressure distributions. It may be seen from this figure that the
growth of the boundary layer in the divergent—wall inlet, as experi-—
mentally measured at low speeds, 1s approximated theoretically by
assuming a three—dimensional growth (reference 6) which allows for
thinning of the boundery layer due to lateral motion. The agreement
between the measured boundery—layer growth and the growth calculated by
theory for the parallel-wall inlet 1s shown by the two upper plots. The
boundary—layer momentum thickness for the dilvergent—wall inlet can be
seen to have been much thimnner than for the parallel-wall inlet.
Research on the interaction of boundary layers with shock waves has shown
that a thin boundary layer does not separate as readily in the presence
of a shock wave as does a thicker boundary layer. In the transonic—bump
investigation, the interaction of the ramp shock wave with the ramp
boundary layer did not become severe enough to cause separation along
the ramp of the divergent—wall inlet. Thus, the relatively thin ramp
boundary layer of the NACA submerged inlet enhances both the subsonic
and the transonic operation of the inlet.

Of course, during subsonic operation at mass—flow ratios above O.h,
the pressure losses due to the boundary layer in the divergent—wall
inlet are not the principal pressure losses. In the absence of boundary—
layer separation, the main part of the pressure losses of an NACA sub—
merged inlet is in the turbulent mixing regions which originate along
the side walls of the ramp (reference 7). It has been shown that these
loss regions are actually rolled—up vortex sheets generated along the
outside edges of the divergent walls. Flow pictures were cbtalned by



plunging & small model of the submerged inlet into a tank of water which
had eluminum powder sprinkled on the surface. (see fig. 7.) The model
was mounted on a rack and lowered into the water. The resulting vortex
formetion from the oblique side wells (fig. 8) 1s shown in the two
regions indicated by the broad arrcws. The effect of the passing of
these vortex regions through the oblique shock wave on the ramp is not
known, but the results of the transonic—bump tests 1n the Ames 16-foot
high—speed tunnel indicate that 1t wes not adverse. Successful tran—
sonic operation of the submerged inlet is believed to be a function of
the intensity of the interaction between the ramp boundary layer and
the shock wave. :

Tt has been suggested that boundary-layer control be utilized to
deley the onset of shock—wave induced separation. Tests were made at
low speeds of a large—scale model of an NACA submerged inlet in which
the rearwerd 45 percent of the inlet ramp was constructed of porous
bronze meterial. The model of the air—inductlon system was mounted on
g dummy well of an Ames T— by 10-foot tunnel. The tunnel boundary leyer
passed beneath the dummy wall. Measurements were made in the duct by a
rake of 90 total-pressure tubes. Some preliminary results of these tests
are shown in figure 9. Removal of the ramp boundary layer had the
greatest effect at the low mass—flow ratios. According to an analysils
which 1s to be presented by Normen J. Martin in a subsequent paper,
instability of twin—inlet operation should be almost eliminated with a
suction mass—flow ratio of 0.06. The ramp boundary layer at the end of
the porous plate was almost completely eliminated for the conditions
ghown in figure 9. It should be noted that the quantity of air removed
through the porous plate and the estimated power required for removal
of this air is small. These results are from low-speed tests, however,
and the efficacy of removing the ramp boundary layer through a porous
surface at transonic speeds and thus extending satisfactory inlet
operation has not yet been proven. Preliminary tests at transonic speeds
of & simulated NACA submerged inlet in & small wind tunnel have shown
no sepsration of the ramp boundary layer at free—stream Mach numbers of
approximately 1.15. These results are similar to those obtained in the
Ames 16—foot high—speed tumnel. Thus, since boundary-layer separation
induced by shock formation was not encountered, porous suction had no
noticeable effect when epplied in the small-wind—tunnel test.

The results presented in this paper indicate that the pressure
recovery characteristics of NACA submerged inlets at transonic speeds
are promising; however, the data are as yet incomplete, and further
research 1s needed.
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BUMP TEST OF SUBMERGED INLET

tor
R: R M,/mo
0.55
RAM-REGOVERY gl ‘45\/_’
RATIO .35
" s
(6" BEHIND
INLET) 7k
Wi« a4
8 @ = 0°
DUCT AREA = 10.2 SQ.IN.
5 1 1 1 1 1 !
6 7 8 9 1.0 1.1 1.2

MAGH NUMBER, M W

Figure 3.- Effect of Mach number on the ram-recovery ratio from the
transonic-bump tests of an NACA submerged inlet.
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Figure L.- Effect of boundary layer on the pressure recovery of
NACA submerged inlets.
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MACH NUMBERS ALONG RAMP CENTERLINE
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Figure 5.- Mach number distribution along the ramp center line from the
transonic-bump tests of an NACA submerged inlet.
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Figure 6.- Comparison of the experimental and theoretical boundary-layer
growth along the ramps of submerged inlets.
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Figure 8.- Vortex formed in an NACA subtmerged iniet.
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BOUNDARY-LAYER REMOVAL
THROUGH POROUS SURFAGE
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Figure 9.- Effect of boundary-layer removal through a porous ramp on the
pressure recovery of an NACA submerged inlet.
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